In this article, we carried out analytical analysis of sensitivity and mode field of optical waveguide structure by use of effective index method. This structures as predicted have extended mode which could interact with the surrounding analyses in a much better way than the commonly used EWS.
Introduction
Optical sensors utilize the modification of measurands to optical properties such as intensity, phase, frequency, and polarization of an input optical signal. Optical chemical sensors have immunity to electromagnetic interference, have no danger of ignition, and are compatible with fiber networks for use in remote spectroscopy and distributed sensing. Such kinds of sensor are useful for highly sensitive analysis and monitoring of hazardous environments and remote sensing (Brecht and Gauglitz, 1997) . Demands for optical sensors have tremendously increased over the years due to issues concerning environmental pollution and other biohazards. In the recent years, optical sensors have attracted considerable attention, especially in the application of biochemical species detection. They have excellent advantages such as good compactness and robustness, immunity to electromagnetic interference, high sensitivity, shorter response time, low cost, and high compatibility with fiber optic networks . However, optical fiber-based systems do not seem promising with respect to fabrication, efficiency and miniaturization. However, planar waveguide-based platforms employing evanescent wave sensing techniques have shown tremendous improvement (Burke et al., 2006) and evanescent wave sensors have proven to be highly sensitive (Brandenburg et al., 1995; Helmers et al., 1995; Pandraud et al., 2000) . Thus, an optical sensor with good detection scheme, sensitivity and low cost is needed. The major contributions of this paper are as follows:
• Evanescent wave sensing (EWS) technique for ammonia (gaseous) detection utilizing a optical waveguide structure.
• Effective refractive index is a crucial parameter for analyzing the sensitivity; The rest of this paper is organized as follows. Section 2 provides the principle and basic theory of optical sensors and the modal field and sensitivity, and its validation is presented. In sections 3, results and discussion of the optical sensors and compare it other fiber sensors. Finally, Section 4 concludes the paper.
Theoretical Detail
Evanescent waves are those waves which penetrate into the cladding or the region where light is reflected off the surface. In optical terminology, when total internal reflection occurs at an angle greater than the critical angle, the sinusoidal waves reflect off from an interface, and the waves which penetrate into, are called the evanescent waves (Qing et al., 1999) . Fig.1 shows the evanescent field decaying exponentially into the cover region. The above mentioned mechanism is used in sensing, when the analytes or species to be detected are in contact or are made to interact with the evanescent field (which decay exponentially from the surface of the waveguide), forms the basis for evanescent wave sensing. The operating wavelength is selected such that the analytes show peak absorption, so that there is a change at the output either in the intensity or power or any other parameter, when measured using a detector. Generally, effective refractive index N eff of a guided mode is considered to be most crucial physical parameter. It is because in this paper for optical sensor, a chemically selective layer or adlayer is deposited on the waveguide surface to bind the analyte. The evanescent field senses the changes in the refractive index caused by the layer, thus inducing an effective refractive index change (Lukosz et al., 1995; Campbell et al., 1999) . The difficulty faced by most evanescent wave sensor architectures lies in the lack of strong interaction between the analytes (target species) and the evanescent field. This is primarily due to the use of strongly confined waveguide designs (Whaley et al., 2007) . So we utilize the concept of small optical mode area structure in core, where a nanoscale core region is used, which results in a large and distended mode. These structures have a very small percentage (usually less than 1%) of the optical mode confined in the guiding material. These large modes are sufficient to provide a strong interaction with the analytes, as the field is pushed out of the core region, enhancing the field interaction with the analytes. All the upper and lower cladding layer are air, while core is dielectric or depending upon application. In this paper used planer symmetric waveguide shown in fig.2 . 
Brief Review of Effective Index for a Symmetric Planar Waveguide structure:
From (Koshiba, 1973) , we understand that "a waveguide mode is a transverse field pattern whose amplitude and polarization profile remains constant along the longitudinal direction". The electric and magnetic fields of a mode can be written as 
Where 'm' is the mode index,
m m E x y and H x y are the mode field patterns and β is the propagation constant of the mode. Using the basic Maxwell Equations, we obtain the TE and TM modes respectively. components for the substrate and cover regions can be defined as h 2 = k 02 cosθ, and h 3 =k 03 sinθ, where k 01 , k 02 and k 03 are the propagation constants in the respective regions. Applying boundary condition at n 1 /n 2 and n 1 /n 3 the interface, and using the above equation (2), we obtain the eigen value equation for TE and TM mode respectively. 
The equations above mentioned are solved using Matlab, graphically by plotting left hand side and right hand side, as a function of (h1d). The solutions give the value of β, and hence the effective index, Neff, could be calculated from the relation Neff = λβ/2π.
General Expression for sensitivity:
For a planer optical waveguide consisting of charge free, homogeneous, isotropic media, sensitivity is defined "as the rate of change of the modal effective permittivity, relative to the cover permittivity," where ε=n 2 . However, in case of optical detection, we are more interested in the phase of a light wave than dielectric constant. Hence the sensor sensitivity is redefined as the rate of change of effective index relative to its cover index change, in case of homogeneous sensing and in case of surface sensing, it's relative to the change in the film thickness. Using the variational theorem as mentioned in , for dielectric waveguides, we obtain the equation of sensitivity for quasi TE and quasi TM modes as the following ( )
Q k n A n a a n a a S N k n a n a n a a a a a where k 0 is the vacuum wave number or propagation constant, n 1 is the effective index obtained for the structure with height h 1 and n 2 is the effective index obtained for the structure with height h 2 , (as shown in the Figure2).
Results and Discussions
In order to get sensitivity of the above proposed waveguide, we have to solve the equation (3) numerically. For this purpose we have chosen the following parameters: Region 1 consists of a core index n 1 = 3.16 and n 2 = n 3 = 1, with a width of 100nm, while regions 2 and 3, have the similar index distribution, but the width is 50nm each using wavelength 1.55μm. For the structure proposed here, β 2 = β 3 . After obtaining the three effective indices, we treat the structure with n 1 =Neff1 and n 2 = n 3 = Neff2 or Neff3.Now, we apply the above procedure again to calculate the propagation constant for the final structure, having a ydependence on the y-component for the TE like mode or the electric field Ey and the magnetic field Hy for TM mode in figure3. Firstly, the three regions are analyzed in the x-direction (vertical), the corresponding effective indices are obtained and those effective indices are considered to get a final structure in the y-direction (horizontal), with a width of 3μm. This final structure is again a three slab symmetric waveguide as mentioned before, but for this final structure, to obtain a TE-like mode, we consider the TM field of the vertical structure; and for TM-like mode, it's the TE field of the initial vertical structure. The Neff obtained from the analytical calculations are 1.6856 and 1.00122 for TE mode and TM mode respectively. In the case of homogeneous 
Conclusions
The purpose of this paper is to introduce small optical mode area structure in core based on Evanescent wave sensing in Integrated Optics (IO) sensors. This structures as predicted have extended mode which could interact with the surrounding analyses in a much better way than the commonly used EWS. The shortcomings of EWS are overcome by the introduction of the small optical mode area structure technique. The modal analysis of small optical mode area structure in core structures used in both gaseous sensing is studied.
